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(54) Method for manufacturing mirror surface tube for photosensitive drum of copying machine 
or the like 



(57) ^An:objectof:the presentinventionls to providers 
ca:meihcti: for~manufai^^ 
prlo^ersiSve drum of a copying machine or the like, by 
which an ext ernal surface o l an aluminium oral is 

'^aHby t&^^ 

ydtr^iHTsuTfaceldefec^and in such a way that good 
quality required for a photosensitive drum is ensured 
and dimension accuracy such as roundness and yield in 
production is improved. 

In a first step, an aluminium or aluminium alloy tube 
finished in a predetermined shape and dimension with 
surface roughness of 10 microns or less is processed by 
centerless grinding process. In a second step, grinding 
process is performed using an electrolytic integrated 
polishing apparatus including a tool electrode mecha- 
nism having an elastic grindstone so as to make a mir- 
ror surface tube having the surface roughness of 2.0 
microns or less. Fullherrpre^ablyrin-a-third staqe."^ 
roller-burnishing process is performe d to finish the sur- 
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face roughness of 0;5 micron s orJess: 
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Description 

[0001 ] The present invention relates to a method for 
manufacturing mirror surface tubes tor a photosensitive 
drum of a copying machine or the like. 
[0002] Recently, demand for office automation (OA) 
machines such as a copying machine, a printer or the 
like is increasing for improvement of efficiency of office 
jobs, and demand for fighter weight and higher quality of 
image for such machines is also increasing. Conven- 
tionally, a mirror surface tube made of aluminium or alu- 
minium alloy is used for a photosensitive drum of a 
copying machine, a printer or the like. The surface of the 
mirror tube is coated with an organic photosensitive 
compound (OPC), amorphous silicon (SO. selen (Se) or 
other material. In this case, the mirror surface tube, that 
is a substrate of the photosensitive drum is required to 
have a very small surface roughness, good smoothness 
and no surface defect such as scratches. 
[0003] An extrusion or puHrusion aluminium or alu- 
minium alloy tube has a lot of surface defects and une- 
venness, which should be removed in order to obtain a 
desired surface roughness by the mirror process, e.g., 
known as a cfiamond grinding process, centertess grind- 
ing process, burnishing process or electrolytic inte- 
grated polishing process. 

[0004] However, the above-mentioned processes 
have a lot of problems. The diamond grinding process is 
expensive, low in productivity and yield drop. This proc- 
ess also easily generates surface defects such as 
plucking or sticking abrasive grains as well as a bad 
dimension accuracy such as roundness or bent Fur- 
thermore, the finished mirror surface by this process 
easily generates interference band due to reflection 
characteristic, which may cause a stripe pattern on a 
printed surface. 

[0005] The centerless grinding process possibly 
generates a local scratch due to grind grains dropped 
from a grindstone, ft is difficult to remove this scratch 
later by burnishing process. 

[0006] The burnishing process possibly generates 
a surface defect involving crease or plucking when pull- 
ing out a raw tube. Therefore, a photosensitive drum 
using this tube may cause a print defect 
[0007] The electrolytic integrated polishing process 
may generate a lot of surface flaws such as plucking or 
sticking as well as a bad dimension accuracy such as 
roundness or bent since electrodes that perform elec- 
trolysis action and grinding material that performs grind 
action work independently of each other, and an 
arrangement of the grinding material is uneven to the 
raw tube. Especially, it is difficult to apply this process to 
external surface of an aluminium or aluminium alloy 
tube. 

[0008] In the above-mentioned techniques, it is dif- 
ficult to ensur a quality required for a minor surface 
tube used for a photosensitive drum because aluminium 
material is so soft that surface flaws such as plucking or 



sticking can be generated easily due to grinding mate- 
rial or grinding action. 

[0009] A mirror surface tube for a photosensitive 
drum is required to have finished surface with a high 

5 accuracy, which is coated with a thin OPC film as men- 
tioned above uniformly for high sensitivity. Furthermore, 
smoothness of the surface is an important characteristic 
required to the mirror surface tube, since a minute 
recess on the surface of the minor surface tube can be 

10 a reservoir of toner, which is required to have micro par- 
ticles for obtaining a micro dot of high quality image. 
[0010] The object of the present invention is to 
solve the above-mentioned problems of the prior art and 
to provide a method for manufacturing a mirror surface 

75 tube for a photosensitive drum of a copying machine or 
the like, by which an external surface of an aluminium or 
aluminium alloy tube can be mirror-processed in a high 
accuracy without surface defects utilising advantages of 
centerless grinding process, electrolytic integrated pol- 

20 ishing process and burnishing process. The method 
should ensure good quality required for a photosensitive 
drum and should improve dimension accuracy such as 
roundness and yield in production. 
[0011] In order to attain the above-mentioned 

25 object, a method accorcfing to the present invention 
comprises the steps of preparing a long sized alumin- 
ium or aluminium alloy tube finished in predetermined 
shape and dimension with surface roughness of 10 
microns or less, performing centerless grinding process 

30 of the tube, cutting the centeriess-ground tube into a 
predetermined length, and polishing the cut tube by an 
electrolytic integrated polishing apparatus for an exter- 
nal surface of a cylinder, including a tool electrode 
mechanism having a special elastic grindstone so as to 
finish the surface roughness of 2.0 rrdcrons or less. 
[0012] According to another aspect, the method 
comprises the steps of preparing a long sized alumin- 
ium or aluminium alloy tube finished in predetermined 
shape and dimension with surface roughness of 10 

40 microns or less, cutting the tube into a predetermined 
length, performing centerless grinding process of the 
cut tube, and polishing the centeriess-ground tube by 
an electrolytic integrated polishing apparatus for an 
external surface of a cylinder including a tool electrode 

45 mechanism having a special elastic grindstone so as to 
finish the surface roughness of 2.0 microns or less. 
[0013] Preferably, the aluminium or aluminium alloy 
tube finished by the above-mentioned method into the 
surface roughness of 2.0 microns or less is further proc- 

so essed by roller burnishing process using a plurality of 
burnishing rollers arranged on a circle so as to finish the 
surface roughness of 0.5 microns or less, 
[0014] According to still another aspect the method 
comprises the steps of preparing an aluminium or alu- 

55 minium alloy tube having surface roughness of 10 
microns or less, performing centerless grinding process 
of th tube, performing electrolytic integrated polishing 
process of th centeriess-ground tube so as to finish the 
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surface roughness of 0.5 microns or less, and perform- 
ing roller burnishing process of the electrolytic polished 
tube so as to finish the surface roughness of 0.1 
microns or less. 

[0015] Hereinafter, embocfi merits of the present 
invention will be descrbed with reference to the accom- 
panying drawings. 

Fig. 1 is a schematic diagram showing a centeriess 
grinding process in a first step of the method 
according to the present invention. 

Rg. 2 is a cross section showing an electrolytic inte- 
grated polishing process of a second step 

Figs. 3A and 3B show roller burnishing process of a 
third step. Rg. 3A is a side view and Fig. 3B is a 
cross section. 

[0016] Rg. 1 shows centeriess grinding process of 
a first step. A centeriess grinding machine 1 includes a 
grindstone 2 that is a special elastic grindstone, and a 
feed roller 3. The grindstone 2 is rotated with a shaft 2a 
thereof in a predetermined speed so that long sized (4- 
6 meters) raw tubes P are fed sequentially between the 
grindstone 2 and the feed roller 3 to pass through ther- 
ebetween while the surface of the raw tubes P are pol- 
ished. 

[001 7] The raw tubes P is an aluminium or alumin- 
ium alloy tube finished in a predetermined shape and 
dimension with surface roughness of 10 microns or less 
by hot extrusion and drawing. 

[0018] The centeriess grinding process is per- 
formed for large flaws on the surface of the raw tubes P 
and adjusting dimension accuracy such as roundness. 
[0019] Rg. 2 shows electrolytic integrated polishing 
process of a second step. An electrolytic integrated pol- 
ishing apparatus 4 includes retaining means such as 
chucks 5 and 6 for retaining both ends of the tube to be 
polished, i.e., the tube Q processed by the centeriess 
grinding process. One of the retaining means 5 or 6 is 
rotated to rotate the processed tube Q. which is charged 
in the positive electricity by an external electrode (not 
shown). 

[0020] Inside a housing 7, plural elastic grindstones 
8 are arranged so as to press the surface of the proc- 
essed tube Q by an appropriate pressure via grind 
stone holders 9 and cylinders 10. A negative electrode 
of a tool electrode mechanism (not shown) is cfisposed 
adjacent to the elastic grindstone 8. An electrolyte feed 
port 1 1 is disposed at one of opening sides of the hous- 
ing 7, while an electrolyte discharge port 12 is cfisposed 
at the other opening side, so that the electrolyte is fed 
from the electrolyte feed throat 1 1 while the surface of 
processed tube 1 1 is processed by the electrolytic inte- 
grated polishing process. 

[0021] The elastic grindstones 8 ar arranged at 
least at the opposite positions. Adding two more elastic 
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grindstones 8 in the perpendicular direction, in accord- 
ance with necessity, four elastic grindstones 8 in total 
may act to the processed tube Q from four directions. By 
this electrolytic integrated polishing process, small 
5 defects are removed from the surface of the processed 
tube Q. and the surface roughness thereof may become 
2.0 microns or less. 

[0022] Figs. 3A and 3B show roller burnishing proc- 
ess of a third step, A roller burnishing device 1 3 includes 

w a plurality of (five in the illustrated example) metal rollers 
14 arranged along the external surface of a mirror sur- 
face tube R, as shown in Rg. 3 A. These metal rollers 
are pressed to the surface of the mirror surface tube R 
by an appropriate pressure while the mirror surface tube 

is R is rotated or the metal rollers are rotated, and further 
the mirror surface tube is moved in the axial direction so 
as to finish the surface By this roller burnishing proc- 
ess, the surface of the mirror surface tube R is 
smoothed to a surface roughness of 0.5 microns or less. 

20 [0023] An aluminium alloy tube with the surface 
roughness of 8.25 microns was processed by the cen- 
teriess grindng machine 1 to the surface roughness of 
3.3 microns. Though minute scratches were remained 
on the surface of the tube, the electrolytic integrated pol- 

25 ishing apparatus 4 was used for polishing the surface. 
Using #220 elastic grindstone, a mirror surface tube 
with surface roughness of 1 .32 microns was obtained, 
while using #3,000 elastic grindstone, surface rough- 
ness of 0.34 microns was obtained, both of which were 

30 high in accuracy without surface f laws-tFurther^thejrm^ 
rrorsurtace^ 
deyjcjHlS-sojjE^ 
(045tniGrore^ 

[0024] In the above-mentioned embodiment, the 

35 centeriess grinding process ,is performed in the first, 
step, the electrolytic integrated polishing process is per- 
formed in the second step, and the roller burnishing 
process is performed in the third step, so as to manufac- 
ture mirror surface tubes. However, rt is possfote to man- 

40 ufacture mirror surface tubes only by the centeriess 
grinding process in the first step and the electrolytic 
integrated polishing process in the second step, without 
performing the third step of the roller burnishing proc- 
ess. It depends on the surface roughness required for a 

45 tube for a photosensitive drum. 

[0025] Though the first step of the centeriess grind- 
ing process is performed to a long sized raw tube P and 
the centerl ess-ground tube is cut into a predetermined 
length in the above explanation, it is also possfole that 

so the long sized raw tube P is cut into a predetermined 
length before performing the centeriess grinding proc- 
ess. In this case too, there are two options: one is fin- 
ished by the second step of the electrolytic integrated 
polishing process: the other is finished by the third step 

55 of roller burnishing process. 

[0026] The mirror surface tube manufactured in this 
way is used a substrate of a photosensitive drum. The 
mirror surface tube is coated with the thin OPC film uni- 
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formty to make a photosensitive drum of a copying 
machine or a printer. Such a mirror surface tube can be 
used also for a magnet roller or a heat roller. 
[0027] As mentioned above, according to the 
method of the present invention, the centerless grinding 
process and the electrolytic integrated polishing proc- 
ess are combined with each other, and thereto the roller 
burnishing process is further combined, so that the 
external surface of the aluminium or aluminium alloy 
tube is mirror-processed in a high accuracy without sur- 
face defects such as plucking or sticking. The method 
also ensures a quality required for a mirror surface tube 
for a photosensitive drum, and can improve dimension 
accuracy such as roundness and yield in production. 

Reference Numbers 



[0028] 

1 
2 
3 
4 

5,6 
7 
8 
9 
10 
11 
12 
13 
14 

Claims 



centerless grinding device 
grindstone 
feed roller 

electrolytic integrated polishing apparatus 
retaining means 
housing 

elastic grindstone 
grindstone holder 
cylinder 

electrolyte feed port 
electrolyte discharge port 
roller burnishing dance 
metal roller 



performing centerless grinding process of the 
tube; 

cutting the centerless-ground tube into a pre- 
determined length; and 

polishing the cut tube by an electrolytic inte- 
grated polishing apparatus for an external sur- 
face of a cylinder, including a tool electrode 
mechanism having a special elastic grindstone 
so as to finish the surface roughness of 2.0 
microns or less. 

2. A method for manufacturing mirr r surface tubes for 
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A method for manufacturing a mirror surface tube 
for a photosensitive drum of a copying machine or 
the like, the method comprising the steps of: 

preparing a long sized aluminium or aluminium 40 
alloy tube finished in predetermined shape and 
dimension with surface roughness of 10 
microns or less; 
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a photosensitive drum of a copying machine or the 
like, the method comprising the steps of: 

preparing a long sized aluminium or aluminium 
alloy tube finished in predetermined shape and 
dimension with surface roughness of 10 
microns or less; 

cutting the tube into a predetermined length; 

performing centerless finding process of the 
cut tube; and 

polishing the centerless-ground tube by an 
electrolytic integrated polishing apparatus for 
an external surface of a cylinder, including a 
tool electrode mechanism having a special 
elastic grindstone so as to finish the surface 
roughness of 2.0 microns or less. 

The method for manufacturing mirror surface tubes 
for a photosensitive drum of a copying machine or 
the like, said method comprising the step of per- 
forming roller burnishing process of the aluminium 
or aluminium alloy tube having the surface rough- 
ness of 2.0 microns or less processed in accord- 
ance with claim 1 or 2, using a plurality of 
burnishing rollers arranged on a circle so as to fin- 
ish the surface roughness of 0.5 microns or less. 

A method for manufacturing mirror surface tubes for 
a photosensitive drum of a copying machine or the 
like, the method comprising the steps of: 

.. preparing an aluminium or aluminium alloy 
tube having surface roughness of 10 microns 
or less; 

performing centerless cpincfing process of the 
tube; 

performing electrolytic integrated polishing 
process of the centerless-ground tube so as to 
finish the surface roughness of 0.5 microns or 
less; and 



^performing roller burnishing .process of the^— ^ 
eledr^^c^ish^ ^ ujsiffg a^pluralrty of 



burnerwrlgWllIrl ^Irran^^oj^^r^^so^as to J 
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